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We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, 
Millbank, London, S.W.I, a British Com- 
pany, do hereby declare the invenuon, for 
which we pray that a patent may be granted 
to us, and the method by which it is to 
be performed, to be particularly described 
in and by the following statement:— 

This invention relates to new compounds 
formed by addition of sulphur chloride 
pentafluoridc to obfines. It is already known 
Sat sulphur chloride pentafluoride can take 
part in various types of reactions; for example 
as described in our copending Apphcanon 
Serial No. 877,961, it can behave as a 
free-radical-producing initiator of polymerisa- 
tions when irradiated by ultra-violet light. 
We have now found that it can also react 
with olefincs and cycloolefines and related 
unsaturated compounds by simple addiuon 
to the unsaturated linkage to produce new 
compounds of low molecular weight contain- 
ing the elements carbon, sulphur, fluorine 
and chlorine. 

According to our invention we provide 
novel compounds of sulphur chloride penta- 
fluoride with defines and with other non- 
aromatic compounds containing the ethyleni- 



having 



\ _ / 
cally unsaturated group ^C— 

the general formula R^.ca.CCSF^RaH 
wherein Ri is hydrogen or chlorine, R 2 is 
hydrogen or an alkyi group or an alkenyl 
group, R 3 is hydrogen, or R*, R 3 are joined 
in a cycloalkyl ring. 

We also provide a process for manufac- 
turing these compounds which comprises 
subjecting a mixture of an olefine or another 
non-aromatic compound containing the 

e±ylenically unsaturated group ^C=C^ 

and sulphur chloride pentafluoride to the 
action of heat or ultra-violet light, under an 
appropriate pressure, which may be super- 
atmospheric. , . 

The compound obtained from ethylene is 
2-chloroethyl sulphur pentafluoride; and from 
propylene 2-chloropropyl sulphur penta- 
fluoride. The structure of the latter com- 
pound was established by showing that two 
isomeric pentafluorosulphur-substituted pro- 
penes were formed by elimination of hydro- 
gen chloride whereas 2-chloroisopropyl 
sulphur pentafluoride could give only one 
compound: — 
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CH3.CHCl.CH2.SF5 — ^CH 2 : CH.CH.SF 5 + CH 3 .CH : CHSF 5 
CH 3 .CHSF 5 .CH 2 C1^CH 3 .CSF 5 :CB 



Butadiene gives 2-chloro 3-butenyl. sulphur 
pentafluoride, and vinyl chloride gives 2.2- 
dichloroethyl sulphur pentafluoride and cyclo- 
hexene gives 2-chlorocyclohexyl sulphur 
pentafluoride. All the new compounds con- 
tain the structure 

X c— C 

/I l\ 

and are composed of one molecule of sulphur 
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chloride pentafluoride and one of ethyleni- 
cally unsaturated compound. 

One way of carrying out the reaction con- 
sists of rnixing the ethylenically unsaturated 
compound and sulphur chloride pentafluoride 
in proportions ranging as desired from equi- 
molar to three or four mols of unsaturated 
compound to one mol of sulphur chloride 
pentafluoride, and heating the mixture for a 
time ranging from a few rninutes to several 
hours depending upon the reactivity of the 
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olefine. This may conveniently be done in 
an autoclave wherein the pressure is allowed 
to rise as the mixture is heated and the 
reaction is carried out under autogenous 

5 pressure, that is the vapour pressure of the 
reaction mixture at the temperature em- 
ployed, or alternatively the pressure may be 
raised considerably above this level by com- 
pressing the reaction mixture, or by com- 

10 pressing the olefine if it is normally gaseous, 
or by adding an inert gas such as nitrogen 
under pressure; increasing the pressure in 
this way speeds up the reaction. The tem- 
perature required for the reaction depends 

15 on the reactivity of the unsaturated com- 
pound; for example, cyclohexene will react 
at 20° C, while vinyl chloride requires a 
temperature of about 150° C. The pressures 
employed range from about 5 atmospheres 

20 to 500 atmospheres. 

A second method of carrying out the re- 
action consists of mixing together sulphur 
chloride pentafluoride and the unsaturated 
compound, in proportions ranging as desired 

25 from equimolar to a two or three molar 
excess of the latter, in the gaseous phase 
at about 1 atmosphere pressure, and irradiat- 
ing the mixture "with fight from a mercury 
vapour lamp containing the 2537 A wave- 

30 length line." In this case the reaction is 
conveniently carried out at ordinary tem- 
peratures, but the mixture may be heated 
to the boiling point of the unsaturated com- 
pound, if me latter is normally liquid, in 

35 order to obtain a sufficient concentration in 
the gaseous phase. The reaction usually 
proceeds very" rapidly under these conditions 
and is often complete in a few minutes. The 
pressure may either be allowed to fall as 

40 the reagents are used up, ultimately reach- 
ing the vapour pressure of the product which 
is normally less than 1 atmosphere at the 
temperature of the reaction, or'the pressure 
may be maintained at approximately the 

45 same value throughout by introducing more 
of the reagents or an inert fluid such as 
mercury. 

From both of these processes the products 
are conveniently isolated and purified by 
50 distillation of the liquids remaining after 
the crude reaction products have been washed 
with dilute alkaline solutions and dried or 
separated. 

Some of the novel compounds of the in- 
55 vendor: have insecticidal properties, parti- 
cularly those derived from ethylene and 
propylene. They are also useful as inter- 
mediates in preparing other compounds, for 
example by the action of caustic alkalies 
60 hydrogen chloride may be split off to yield 
unsaturated molecules containing the penta- 
fiuoro sulphur group which may be used to 
introduce this group into other organic com- 
pounds. 



The invention is illustrated by the follow- 65 
ing examples but not limited by them. 

Example 1 

162.5 parts of sulphur chloride penta- 
fluoride and 28 parts of ethylene were intro- 
duced into a stainless steel pressure vessel 70 
and heated at 90° C. for 10 hours. The 
initial pressure was 250 atmospheres and this 
fell to 30 atmospheres by the end of the 
heating period. On cooling and releasing 
the pressure 130 parts of liquid products 75 
were obtained, which after washing with 5% 
sodium bicarbonate solution and drying over 
anhydrous calcium chloride were distilled to 
yield 95 parts of 2-chloroethyl sulphur penta- 
fluoride, having a boiling point of 92° C, 80 
a density d.^ of 1.64 g./ml. and a mole- 
cular weight of 190. 

Found: C 12.7; H 2.3; CI 19.1; F 52; 
S 16 1 0/ 

Required for CsH.OF-.S: C 12.6; H 2.1; 85 
Q 18.6; F 49.9; S 16.8%. 

Example 2 
162.5 parts of sulphur chloride penta- 
fluoride were condensed into a stainless steel 
autoclave and allowed to warm up to room 90 
temperature. The pressure was men raised 
from 10 atmospheres (the vapour pressure 
of sulphur chloride pentafluoride) to 1C0 
atmospheres by adding 28 parts of ethylene 
under pressure. The autoclave was heated 95 
to 120° C. for 3 hours, then cooled and 
the pressure released. The autoclave con- 
tained 100 parts of a liquid which after 
washing with sodium bicarbonate solution and 
drying over anhydrous calcium chloride was 100 
distilled to give 82 parts of 2-chloroethyl 
sulphur pentafluoride. " 

Example 3 

165 parts of sulphur chloride pentafluoride 
and 42 parts of propylene were heated in 105 
an autoclave for 1 hour at 100° C. The 
pressure was 40 atmospheres at first and fell 
to about 2 atmospheres at the end of the 
reaction. The product, 184 pans, was washed 
with sodium bicarbonate solution, dried over 110 
anhydrous calcium chloride and distilled, 
giving 161 parts of 2-chloroethyl sulphur 
pentafluoride," boiling point 108° C. 

Found: C 17.8; H 3.2; CI 16.6; F 41.3; 
S 15.8%. Mol. wt. 199. 115 

Required for C 3 H 0 C1F,S: C 17.6; H 3.0; 
CI 17.4; F 46.5; S 15.7%. Mol. wt. 204.5. 

Example 4 
15 parts of propylene and 15 parts of 
sulphur chloride pentafluoride were mixed in 120 
an autoclave and heated under autogenous 
pressure (15 — 20 atmospheres) for 3 hours. 
The contents of the autoclave, after washing 
with sodium bicarbonate solution and drying, 
were distilled yielding 22 parts of 2-chloro- 125 
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propyl sulphur pentafluoride as identified in 
Example 3. 

Example 5 
162.5 parts of sulphur chloride penta- 

5 fluoride and 42 parts of propylene contained 
in a burette over mercury, at 1 atmosphere 
total pressure, were irradiated with light from 
a mercury vapour discharge tube which was 
rich in 2537 A radiation, for 10 minutes. 

10 During this time the volume of the system 
decreased to one-eighth of the initial volume 
and a liquid condensed on the surface ot 
■the mercury which bad b.p. 108— 109° C, 
and was identical with the product obtained 

15 in Example 3. 

Example 6 
158 parts of sulphur chloride pentafluoride 
and 20 parts of "butadiene were heated at 
100° C. for 2 hours under autogenous pres- 
.20 sure. The product, 66 parts, was washed 
with sodium bicarbonate solution and steam- 
distilled. The lower layer of the distillate 
was dried over anhydrous calcium chloride 
and distilled giving 29 parts of 2-chloro- 
25 3-butenyl sulphur pentafluoride, C 4 HoClF 5 S, 
boiling joint 78—80725 mm. 

Fomd: C 22.2; H 3.3; CI 20.2; F 44.0; 
S 143% 

Required for CACHES: C 22.0; H 3.2; 
30 Q 16.2; F 43.5; S 14.6%. 

The compound was not considered to be 
the isomeric 4-chloro-2-butenyl sulphur 
pentafluoride because its infra-red absorption 
spectrum showed strong bands attributed to 
35 a vinyl group. 

Example 7 
160 parts of sulphur chloride pentafluoride 
and 77 parts of cyclohexene were stirred at 
20° C. and 10 atmospheres pressure for 

40 1 hour. The product, 200 parts, was washed 
with sodium bicarbonate solution and steam- 
distilled. The lower layer of the distillate 
was dried with anhydrous calcium chloride 
and then distilled giving 37 parts of a liquid 

45 boiling at 188—190° C. and having a density 
d., 20 1.48, and considered to be 2-chloro- 
cyclohexyl sulphur pentafluoride. 



Example 8 
149 parts of sulphur chloride pentafluoride 
50 and 38 pans of vinyl chloride were heated 
at 150° C. for 6 hours in an autoclave. The 
product, 116 parts, was washed with dilute 
potassium carbonate solution, dried over an- 
hydrous calcium chloride and distilled, giving 
55 50 parts of 2,2-dichloroethyl sulphur penta- 
fluoride having a boiling 1& 8 ° C * c 
Found: C 11.0; H 1.4; CI 32.7; F 40.6; 
S 13.9%. MoL wt. 221. 
Required for CftOAS: C 10.7; H 1.4; 
60 CI 31.6; F 42.0; S 4; S 14.2%. Mol. wt. 
225. 



The compound was not considered to be 
the isomeric 1,2-dichloroethyl sulphur penta- 
fluoride since this was obtained by chlonna- 
tion of vinyl sulphur pentafluoride and shown (>:> 
to have different properties. 

WHAT WE CLAIM IS: — 
1 Compounds of sulphur chloride penta- 
fluoride with defines, and with other non- 70 
aromatic compounds containing the^ ethyleni- 

cally unsaturated group ^C=C^, having 

the general formula RiI^CCLC(SF 5 )R 3 H 
wherein Ri is hydrogen or chlorine, R 2 is 
hydrogen or an alkyl group or an alkenyl 75 
group, R 3 is hydrogen, or R 2 and R 3 are 
joined in a cycloalkyl ring. 

2. The compound of sulphur chloride 
pentafluoride and ethylene defined as 2- 
chloroethyl sulphur pentafluoride and having 80 
the formula CH 2 CLCH 2 (SF S ). 

3. The compound of sulphur chloride 
pentafluoride and propylene defined as 2- 
chloropropyl sulphur pentafluoride and 
having the formula 01 3 .CHCLCH 2 (SF 5 ). 85 

4. The compound of sulphur chloride 
pentafluoride and butadiene denned as 2- 
chloro-3-butenyl sulphur pentafluoride and 
having the formula CH 2 :CH.CHa.CH;(SF 5 ). 

5. The compound of sulphur chloride 90 
pentafluoride and vinyl chloride denned as 
2,2-dichloroethyl sulphur pentafluoride and 
having the formula CHC1 2 .CH 2 (SF 5 ). 

6. The compound of sulphur chloride 
pentafluoride and cyclohexene defined as 2- 95 
chlorocyclohexyl sulphur pentafluoride and 
having the formula CHC1 . CH(SF fl ). 

7. Process for making compounds having 
the general formula R l R*CCLC(SF,)RaH as 
defined in Claim 1 comprising subjecting a 100 
mixture of sulphur chloride pentafluoride and 
an olefine or other non-aromatic compound 
containing the ethylenically unsaturated 

\ / 

group C=C to temperatures within a 

range of about"" 20° to 150° C. and to 105 
pressures within a range of about 5 to 500 
atmospheres. 

8 Process for making compounds having 
the general formula R ! R 2 CC1.C(SF 5 )R 3 H as 
defined in Claim 1 comprising subjecting a HO 
gaseous mixture of sulphur chloride penta- 
fluoride and an olefine or other non-aromatic 
compound containing the ethylenically un- 

\ / t 
saturated group C=C to the action of 

ultra-violet radiation containing the 2537 115 
Angstrom line at about one atmosphere 
pressure. . 
9. Process for making compounds having 
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the general formula R 1 R,Ca.CCSF 5 )R 3 H as 
defined in Claim 1 substantially as herein- 
before described and with reference to the 
examples. 



ALFRED O. BALL, 
Agent for the Applicants. 



PROVISIONAL SPECIFICATION 
Organic Sulphur Halogen Compounds 



5 We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, 
Millbank, London, S.W.I, a British Com- 
pany, do hereby declare this invention to 
be described in the following statement: — 

10 This invention relates to new compounds 
formed by addition of sulphur chloride 
pentafiuoride to olefines. It is already known 
that sulphur chloride pentafiuoride can rake 
part in various types of reactions; for example 

15 as described in our copending Application 
No. 31319/58 (Serial No. 877,961), it can 
behave as a free-radical-producing initiator 
of polymerisations when irradiated by ultra- 
violet 'light. Wc have now found that it 

20 can also react with olefines and cycloolefines 
and related unsaturated compounds by 
simple addition to the unsaturated linkage 
to produce new compounds of low molecular 
weight containing the elements carbon, 

25 sulphur, fluorine and chlorine. 

According to our invention we provide 
novel compounds of sulphur chloride penta- 
fiuoride with olefines and with other non- 
aromatic compounds containing the ethyleni- 

\ / 

30 cally unsaturated group C=C having 

the general formula R^CCSFJCCIR^ 
wherein R„ R., R 3 and R, may be hydrogen, 
alkyl, cycloalkyl, aryl or halogen; or Ri and 
R^ may be joined as for example in a cyclo- 
35 alkyl ring. 

R, C (SFJ . C CI R 4 
L(CH 2 ) n _| 
wherein n may have any value from unity 
to about 9. 

40 We also provide a process for manufac- 
turing these compounds which comprises 
subjecting a mixture of an olefine or another 
non-aromatic compound containing the 

ethylenically unsaturated group C=C 

45 and sulphur chloride pentafiuoride, in pro- 
portions ranging from equimolar to about 
four fold excess of either component, to 
the action of heat or ultra-violet light, under 
an appropriate pressure, which may be super- 

50 atmospheric. 

The compound obtained from ethylene is 
2-chloroethyl sulphur pentafiuoride; and from 
tetrafluoroethylene, the compound 2-chloro- 
1,1,2,2-tetrafluoroethyl sulphur .pentafiuoride 

55 is obtained. With propylene and other un- 
symmetrical olefines, however, it is not yet 
known with certainty to which carbon atom 



the pentafluoro-sulphur group is attached. In 
all cases however the new compounds con- 
tain the structure 60 

\ / 
C— C 

/I l\ 
CI SF, 

One way of carrying out the reaction con- 
sists of mixing the olefine and sulphur 
chloride pentafiuoride in proportions ranging 
as desired from equimolar to three or four 65 
mols of olefine to one mol of sulphur chloride 
pentafiuoride, and heating the mixture for a 
time ranging from a few minutes to several 
hours depending upon the reactivity of the 
olefine; this may conveniently be done in an 70 
autoclave wherein the pressure is allowed to 
rise as the mixture is heated and the re- 
action is carried out under autogenous pres- 
sure, that is the vapour pressure of the 
reaction mixture at "the temperature em- 7t> 
ployed, or alternatively the pressure, may be 
raised considerably above this level by com- 
pressing the reaction mixture, or by com- 
pressing the olefine if it is normally gaseous, 
or by adding an inert gas such as nitrogen 80 
under pressure; increasing the pressure in 
this way speeds up the reaction." The tem- 
perature required "for the reaction depends 
on the reactivity of the olefine; for example, 
cyclohexene will react at 20° C, while terra- 85 
fluoro ethylene requires a temperature of 250° 
C. The pressures employed range from 
about 5 atmospheres to over 500 atmospheres. 

A second method of carrying out the re- 
action consists of mixing together sulphur 90 
chloride pentafiuoride and the olefine, in pro- 
portions ranging as desired from equimolar 
to a two or three molar excess of olefine, 
in the gas phase at about 1 atmosphere 
pressure, anof irradiating the mixture with 95 
light from a mercury vapour lamp contain- 
ing the 2537 A wavelength line." In this 
case the reaction is conveniently carried out 
zt ordinary temperatures, but the mixture 
may be heated to the boiling point of the 100 
olefine, if it is normally liquid, in order to 
obtain a sufficient concentration in the gas 
phase. The reaction usually proceeds very 
rapidly under these conditions and is often 
complete in a few minutes. The pressure 105 
may either be allowed to fall as the reagents 
are used up, ultimately reaching the vapour 
pressure of the product which is normally 
less than 1 atmosphere at the temperature 
of the reaction, or the pressure may be 110 
maintained at approximately the same value 
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throughout by introducing more of the re- 
agents or an inert fluid such as mercury. 

From both of these processes the products 
are convenkntly isolated and punned by 
simple distillation. 

The invention is illustrated by the follow- 
ing examples but not limited by them. 

Example 1 
162.5 parts of sulphur chloride penta- 
fluoride were condensed into a stainless steel 
autoclave and allowed to warm up to Toom 
temperature. The pressure was then raised 
from 10 atmospheres (the vapour pressure 
of sulphur chloride pentafluoride) to 1UO 
atmospheres by adding 28 parts of ethylene 
under pressure. The autoclave was heated 
to 120° C. for 3 hours, then cooled and 
the pressure released. The autoclave con- 
tained 100 parts of a liquid which was 
purified by distillation giving 82 parts ot 
2-chloroethyl sulphur pentafluonde, b p. 91 
—93° C, molecular weight (found; 18/, 
(calculated 190). 

Example 2 
15 parts of propylene and 15 parts of 
sulphur chloride pentafluoride were mixed in 
an autoclave and heated under autogenous 
pressure (15—20 atmospheres) for 3 hours 
The contents of the autoclave were distilled 
30 yielding 22 parts of a liquid, b.p 108- 
109° C., molecular weight (found) 200, (cal- 
culated for C 3 H 0 SF 5 a, 204). 
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Example 3 
20 parts of cyclohexene and 15 parts of 
sulphur chloride pentafluoride were mixed in 
an autoclave and stirred at room temperature 
(about 25° C.)* and autogenous pressure (10 
atmospheres) for 3 hours. The product was 
distilled giving 21 parts of a liquid, b.p. 
180—190° C. (3S°-^0° C./10 mm.), mole- 
cular weight (found) 235, (calculated for 
C G H 10 SF 5 C1, 244). 

Example 4 
162.5 parts of sulphur chloride penta- 
fluoride and 42 parts of propylene con- 
tained in a burette over mercury, at 1 atmos- 
phere total pressure was irradiated with bgnt 
from a mercury vapour discharge tube which 
was rich in 2537 A radiation, for 10 minutes. 
During this time the volume of the system 
decreased to one-eighth of the initial volume 
and a Hquid condensed on the surface of the 
memory which had b.p. 10&-109 0 C., and 
was identical with the product obtained in 
Example 2. 

Example 5 
32 5 parts of sulphur chloride pentafluoride 
and 100 parts of tetranuoroethylene were 
heated at 250° C. in an autoclave at 150 
atmospheres pressure for 5 hours. The 
product was a liquid, b.p. 42.44° C, mole- 
cular weight 262, with analysis corcespond- 
jng closely to the formula C2F 4 SF 5 C1. 
^ ALFRED O. BALL, 

Agent for the Applicants. 
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